Nutritional integrity is clearly essential for health in older persons [1] , and the Mini Nutritional Assessment (MNA) instrument has been shown to be an effective measure of risk of nutritional failure in older individuals [2] . We have previously demonstrated that dehydration is also associated with adverse functional outcomes in older persons [3] , and data from other investigators support this conclusion as well [4] [5] [6] . However, it is unclear to what extent measures of nutritional status, and specifically the MNA, are associated with dehydration and its adverse functional correlates. In this study, we investigated those relations among a group of 138 older African Americans from inner city St. Louis, Mo., USA.
Methods

Participants
The basic study design has been described previously in detail [7, 8] . In brief, a sample frame of all persons aged 70 years and older living in the catchment area was developed using lists from the Health Care Finance Administration's Medicare enrollment eligibility file, and those persons who either lived in a nursing home or identified themselves as white (2%) were removed. Six hundred and twelve persons were selected at random from the sample frame and approached for participation, of whom 416 (68%) were recruited and interviewed. An addi- tional 230 subjects were recruited from senior citizen apartments and from programs associated with a community service organization that worked in the catchment area. From these participants, 168 persons were recruited into a physical evaluation focused on their strength, balance, body habitus, and nutritional status. Blood was obtained from 174 subjects for testing; 134 of these subjects had received strength and balance evaluation, and 40 had not. These 134 subjects constitute the study group for the current investigation. Approval was obtained from the St. Louis University (SLU) Health Sciences Center's Institutional Review Board for all research procedures. Informed consent was obtained from all recruited participants in conformance with the assurance given by SLU to the Department of Health and Human Services to protect the rights of human subjects.
Measurements
Data were available to measure 16 of the 18 items comprising the MNA (Table 1). It should be noted that data regarding calf circumference and fluid intake were not available in the St. Louis data set and are therefore not included in the modified MNA. The other items in the modified MNA showed good to excellent agreement with the comparable items in the published version of the MNA [2] . Our version of the MNA had a maximum of 27.5 points compared with a maxi- Table 2) . Creatinine (Cr), blood urea nitrogen (BUN), and the ratio of BUN to Cr (BUN/Cr) were measured by a reliable commercial laboratory. BUN/Cr was used as the indicator of dehydration, and the laboratory's published upper limit of normal of 18 was accepted as the highest normal value for the BUN/Cr.
All frailty-dependent variables were obtained without knowledge of the laboratory tests. Dependent variables based on the interview included the following. Basic activities of daily living (ADL) were measured using the six-item Katz scale [9] , and intermediate activities of daily living (IADL) were measured using the eight-item Lawton & Brody scale [10] ; both scales were scored as the number of items requiring personal assistance. The modification of the Rosow-Breslau scale by Guralnik et al. [11] was employed to measure higher ADL functioning and was scored from 0 to 3 for the inability (a) to walk up and down a full flight of stairs, (b) to walk half a mile (0.8 km), or (c) to do heavy work around the house without assistance. Interviewers also obtained the geriatric depression scale (GDS) [12] and a structured form [13] of the mini-mental state examination (MMSE) [14] .
Frailty-dependent variables based on the strength and balance examination included the following. Balance was evaluated using the timed one-leg stand with eyes open (as described and validated by Bohannon et al. [15] ), and a standing balance scale developed by Guralnik et al. [16] (range 0-4 from worst to best). Ability to perform walking tasks was measured using the timed "Up and Go" test of Podsiadlo & Richardson [17] ; in this test the subject arises from a firm chair, walks 3 m, turns around, returns to the chair, and sits down again as quickly as possible. Overall physical capabilities were measured with the seven item physical performance test (PPT-7) of Reuben & Siu [18] . This test involves lifting a moderately heavy book to shoulder height, writing a sentence, simulated eating using beans and a tin can, donning/doffing a jacket, picking a penny off the floor, turning 360 degrees while standing, and walking at preferred gait speed. During the physical assessment, subjects were also questioned regarding their overall subjective quality of life, using the QL index uniscale developed and validated by Spitzer et al. [19] .
Each of the dependent variables was coded such that a lower number represented greater frailty. For the MMSE, Guralnik stance, PPT-7, and quality-of-life variables, this required reversing the direction of the originally described measure. For correlations with the frailty-dependent variables, the MNA was recoded so that a higher number represented worse nutritional status, to improve cross comparisons with the BUN/Cr.
Comparison of Participants and Non-Participants
As reported previously [3] , those having blood tests were in slightly better health than subjects not having such tests. They reported somewhat fewer basic ADL dependencies, fewer IADL dependencies, better Rosow-Breslau functioning, and higher MMSE. However, there were no significant differences in age, sex, GDS score, one-leg stand time, Guralnik stance performance, "Up and Go" time, or quality of life.
Statistical Analysis
The Pearson product moment correlation was used to test the relation between two continuous variables, and Student's t test was used to test differences in a continuous variable between two groups (for example, well-nourished versus at risk or malnourished on the MNA). As in the previous study [3] , the one-leg stand time was log-normal transformed to improve the distribution of residuals.
To evaluate whether the MNA and BUN/Cr both contributed explained variance to the dependent variables or were significantly colinear in their explanatory contribution, multiple linear regression was used to evaluate the effect of one variable while controlling for the other. Analyses involving the one leg timed stand again used the log-normal transformed value.
Results
Study Group
Salient characteristics of the study sample have been published previously [3, 7] and will be reviewed only briefly here. Average age was 79.7 years, and 68% were female. Twenty-seven percent indicated that they were in fair or poor health. Subjects averaged 1.06 IADL dependencies, and very few met criteria for depression or dementia. Physical measures were systematically worse than in relevant comparison groups [7] . In this sample, using the modified criteria above, 6 of 10 subjects were well-nourished, nearly 4 of 10 were at risk of malnutrition, and only 1.6% were actually malnourished ( Table 2) .
MNA and Dehydration
Poor nutritional status, as measured by the modified MNA, was weakly and nonsignificantly associated with the BUN/Cr ratio. The correlation between the + Still significant after controlling for creatinine and sodium [3] .
* Still significant after controlling for BUN as well as creatinine and sodium [3] . two factors, treated as continuous variables, was 0.15 (p = 0.14), and the t test showed a nonsignificant trend (Table 3) .
Among the functional outcome variables, the MNA was associated with basic and IADL dependencies, Rosow-Breslau scale, GDS, PPT-7, and quality of life (Table 4) . On the other hand, the MNA was not associated with one-leg stand time, Guralnik stance, or "Up and Go" time, while the BUN/Cr was strongly associated with all three. When compared with the bivariable analyses in Table 4 , the multivariable results indicated moderate shared explanatory variance between the MNA and BUN/Cr for the Katz basic ADL and PPT-7; small shared explanatory variance for Lawton IADLs and quality of life; and minimal to no shared variance for Rosow-Breslau, GDS, one-leg stand time, Guralnik stance performance, and timed "Up and Go" (Table 5 ). Abbreviations as noted in Table 4 . All analyses control one independent variable (e.g., MNA) for the effect of the other (e.g., BUN/Cr).
Conclusion
The MNA has been shown to be associated with important functional outcomes. We have previously demonstrated associations between obesity and fear of falling and between increased abdomen-to-hip ratio and greater ADL dependencies and worse performance on the one-leg stand time and PPT-7 [20] . We have also shown strong associations between dehydration and adverse functional outcomes [3] . Thus both proper nutrition and hydration status appear important for maintaining health and functioning in older persons.
However, the impacts of nutritional status (at least as measured by this modified version of the MNA) and dehydration on functional outcomes appear to operate through separate mechanisms. That is, although the MNA reflects nutritional status, it does not appear to reflect hydration status particularly well. This conclusion is supported by the lack of direct association between the two variables, the different impacts on functional outcomes in the bivariable analyses, and the minimal colinearity in the multivariable analyses. Whether nutritional status and dehydration status have by nature separate pathophysiological mechanisms, or whether the MNA is not strongly associated with dehydration while other measures of nutritional status reflect dehydration status better will require additional investigation. Ultimately, however, it may be necessary to separate the measurement of nutritional and hydration status. In this case, new and more direct measures of hydration status and risk of dehydration will have to be designed and validated.
Other possible explanations for the low level of association between the MNA and dehydration in our study are the modifications in the MNA required in our dataset and the inner city African American population comprising our study sample. Our measurement of dehydration is quite standard and has been found previously to show the expected associations with functional outcomes [3] , so an invalid measurement of dehydration appears an unlikely explanation for the limited association. It remains to be seen whether some of the findings relate to the specific demographic characteristics of our sample or the conclusions are stable across different race, ethnic, and age groups. Also the processes involved in selecting the 138 participants for this study from the 646 total interviewed sample might explain some of the findings. Although we have shown that selection biases, as far as we could measure them, were relatively few and mild, they may have produced some of the findings.
In summary, both nutritional status and dehydration status are important for full health for older persons. However, the MNA as one measure of nutritional status does not reflect hydration status particularly well. This may be because of measurement issues peculiar to this study, but it is more likely that nutritional status and hydration status need to be measured separately.
Discussion
Unidentified participant: Do you expect to have stronger correlation with hydration if you have more people in the malnourished range, or do you think that the effects of hydration and malnutrition operate by quite different mechanisms?
Dr. Miller: My guess is that we need to look at them as two different constructs. Since most adverse events in older people have multiple components, it's not surprising that there will be some overlap between nutrition and hydration, but with such a low correlation I think we need to look for something that really defines those patients who are at risk of dehydration. This is an area for more research.
Dr. Chumlea: With your African American population, to what extent is the dehydration effect that you're seeing influenced by the classical high salt content of the African American diet?
Dr. Miller: We don't have much on the nutritional content of their diet. We do know that about a third of them were on diuretics, and about the same proportion reported having reduced the salt in their diet, though they still eat a lot of pork and other high salt foods. About 35% were born and raised in St. Louis, but almost all the rest came from southern states where the diet is very high in salt. Although our data may be culturally limited there could be more general implications.
Dr. Ferry: Don't you think that there are two phenomena here? Malnutrition is a long process and dehydration can be a short and dangerous one. It seems improbable that one test would be applicable to two such different conditions. I don't believe MNA is likely to be a good tool for dehydration.
Dr. Miller:
We can probably do a better job of defining the people who are at risk for dehydration, and once we can be more certain of identifying the risk factors for dehydration we will then be in a better position to see if the two conditions can be recognized by a single test. But I agree, the chances are that it will need to be treated as a separate construct.
Dr. Morley: I totally agree. It is a good thing that the MNA does not tap into dehydration; if it did, the test would emerge as much more global and less specific. I believe the MNA is very specific for nutritional status. There are more and more data suggesting that it is a nutritional tool and that poor nutrition then taps into frailty and other things. Also, from the point of view of population limitations, it looks as though there is not a major ethnic difference in MNA results.
